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Abstract 
Quinones are molecules that are commonly found in the environment, as cofactors for 
proteins or an electron carrier in the mitochondrial electron transport chain. However, quinones 
also can come from polycyclic aromatic hydrocarbons as their metabolites, harming cellular 
integrity. In this study, we investigated protein modification of lysozyme in the presence of 
substituted benzoquinones and naphthoquinones. To simulate physiological conditions, all 
reactions used phosphate buffer (50.0 mM). While the majority of the experiments were 
performed at 37 C and pH 7.0, there were also temperature dependence (27 C and 42 C) and 
pH dependence (6.0 and 8.0) reactions included. SDS-PAGE was used to visualize protein 
modification of samples that were incubated with the quinones at specific time intervals. SDS-
PAGE showed that the substituted benzoquinones and naphthoquinones caused protein 
modification at different levels of efficiency. Results also showed that the increase of pH and 
temperature caused an increase in modification as well. These results give a better understanding 
of toxic effects of PAH-quinones that are found in the environment.  
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Glossary 
 
APS…………………………………………………………………………Ammonium persulfate  
BQ…………………………………………………………………………………..Benzoquinone  
CBQ……………………………………………………………………2-chloro-1,4-benzoquinone 
EB…………………………………………………………………………………Electrode buffer 
HNQ………………………………………………………………...2-hydroxy-1,4-napthoquinone 
LYZ……………………………………………………………………………………...Lysozyme 
MBQ…………………………………………………………………..2-methyl-1,4-benzoquinone 
MeOH…………………………………………………………………………………….Methanol 
Monomer…………………………………………………Acrylamide & Bis-Acrylamide solution  
NQ………………………………………………………………………………...Naphthoquinone  
ONQ…………………………………………………………………………...1,2-naphthoquinone 
PAH……………………………………………………………Polycyclic Aromatic Hydrocarbon 
PBQ…………………………………………………………………………..….1,4-benzoquinone  
PhBQ………………………………………………………………….2-phenyl-1,4-benzoquinone 
PNQ…………………………………………………………………………...1,4-naphthoquinone 
RNase…………………………………………………………………….………..Ribonuclease-A 
SDS…………………………………………………………….………….Sodium dodecyl sulfate  
SDS-PAGE………………………….Sodium dodecyl sulfate poly acrylamide gel electrophoresis 
TCBQ……………………………………………….……………...Tetrachloro-1,4-benzoquinone 
TEMED………………………………………………………………Tetramethylethylenediamine 
Tris………………………………………………..Tris(hydroxymethyl)aminomethane (tris) base 
UV-Vis…………………………………………………………..Ultraviolet-visible Spectroscopy 
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Chapter 1: Introduction 
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1.1 Background of Quinones and Polycyclic Aromatic Hydrocarbons 
One of the many roles of research is to see how environmental factors that surround the 
public are possibly toxic. One such environmental factor that is heavily found in the environment 
are polycyclic aromatic hydrocarbons (PAHs). PAHs are aromatic molecules commonly found in 
fuels, cigarette smoke, vehicular exhaust, cosmetics, medicines and the dye that darkens henna 
over time1. They are also released as chemical industry byproducts, with emissions high enough 
to be classified as a significant pollutant2. These are highly mobile molecules that, due to its 
compatibility with lipids, easily slip through the cell membrane. Once inside, PAHs can be 
metabolized into toxic molecules called PAH-quinones that cause DNA and protein mutations3. 
The basic PAH-quinone metabolites that are focused on in this research are a series of 
benzoquinones and naphthoquinones, as shown in Figure 1.1.1.  
Figure 1.1.1 1,4-Benzoquinone and 1,4-Naphthoquinone structures 
 
The definition of “toxic” is the ability of a molecule to cause cellular interactions that 
change the cellular integrity4. Quinones are molecules that are commonly found in nature and in 
biological processes, usually as cofactors, electron carriers and PAH-quinone metabolites. When 
quinones are not PAH metabolites, they are not toxic to the cell, instead helping the normal 
biological systems run. However, PAH-quinones have the structural ability to perform redox 
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cycling and act as a Michael acceptor, thus allowing it to react with proteins and nucleic acids to 
change their molecular structure5-7. 
 Proteins are the center of biological processes that toxic molecules such as quinones 
target. Proteins are the molecules that are involved in many catalytic reactions in cellular 
metabolism. They also have regulatory roles where they are responsible for monitoring the state 
of the cell and relaying it; they are important in cellular structure and transportation. There are 
also many functions that are still yet to be found, with the thousands of proteins present in the 
body. The structure, or conformation of a protein plays an enormous role in the function and 
ability of a protein8. When PAH-quinones change a protein’s structure, it changes the role of the 
protein in the biological system.  
1.2 Proposed Protein Modification Induced by Quinones  
 There are three routes that quinones can change a protein’s integrity: adduct formation, 
redox cycling and protein aggregation, as shown in Figure 1.2.1.  
Figure 1.2.1: Proposed protein modification induced by quinones5-6.  
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Adduct formation is caused by a nucleophilic attack through the action of a nitrogen-, 
sulfur- or oxygen-containing amino acid, like lysine, cysteine and serine. These nucleophilic 
amino acids on the protein attack the quinone; this quinone addition to the protein is the adduct 
formation7. In redox cycling there is a cycling between quinones and their reduced form 
(hydroquinones). This cycling leads to the formation of reactive oxygen species, which can then 
form molecules such as superoxides, or cause oxidative damage of proteins. Reactive oxygen 
species are able to disrupt biological events, which can then be fatal7. The final route of protein 
modification is protein crosslinking. Like with adduct formation, quinones can react with lysine 
residues in a protein. The residue undergoes lysine oxidation, forming allysine (which is an 
aldehyde with a lysine). This oxidized lysine then joins with lysine residues in other proteins, 
making a cross-link. When many proteins crosslink together, they make an oligomer, and 
eventually lead to polymeric aggregation7. 
  Research on all pathways of quinone modification have been conducted; however, 
protein cross-linking has not been studied as extensively as the other two. This research 
primarily focuses on the effects of protein cross-linking, which can lead to protein aggregates7. 
Research on protein aggregates, or amyloids, are studied due to their link to disorders such as 
Parkinson’s disease, Alzheimer’s disease and Huntington’s disease5,7,8. 
1.3 Past Research 
 In an attempt to learn more about the efficiency of quinones in protein modification, past 
research was carried out on concentration dependent protein modification caused by 1,4-
benzoquinone (PBQ) on the protein of interest, ribonuclease-A (RNase). PBQ is a metabolite of 
benzenes, a PAH found in the environment. Protein modification was tested and shown using 
fluorescence, UV-vis, SDS-PAGE and confocal microscopy. The results showed that as 
 9 
concentration increased, the efficiency of protein modification increased as well. It also showed 
that protein modification was not only protein aggregation but adduct formation and 
oligomerization5.  
 These findings encouraged further research on the other types of quinone metabolites 
from benzenes with RNase. These included PBQ, 2-methyl-1,4-benzoquinone (MBQ), and 2-
chloro-1,4-benzoquinone (CBQ). The tests were done at the same concentration, with protein 
modification measured by fluorescence, UV-Vis, SDS-PAGE and microscopic imaging. The 
results showed that as the substituent affected the reactivity of the quinone, with methyl- causing 
the quinone to be inefficient, PBQ being relatively efficient, and chloro- causing the quinone to 
be the most efficient6.  
 RNase is a commonly used cytosolic protein for research due to its stability. Since it is 
relatively stable, it is an ideal protein for studying protein modifications5. Along with its 
cytosolic properties, RNase had an adequate amount of lysine residues to be viable for protein 
cross-linking, as shown in Figure 1.3.1. However, there is currently a heightened interest in the 
role of amyloidal proteins in neurodegenerative diseases. Abundant amounts of amyloidal 
plaques found in brain tissue characterize neurodegenerative diseases8. Amyloidal proteins have 
the ability to fold themselves into shapes that stack with other proteins Once the many proteins 
are connected, or aggregated, it is often difficult for the cell to degrade them8. One such 
amyloidal protein is lysozyme (LYZ); the amino acid sequence of LYZ is also shown in Figure 
1.3.1. 
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Figure 1.3.1 Amino acid sequence and residues of RNase and LYZ9. 
 
 LYZ is a model protein of amyloidal research. For this research, along with its amyloidal 
characteristics, LYZ was used due to its amino acid sequence. Though the sequences of RNase 
and LYZ differ in size, they are similar enough to hypothesize that treatment with quinones will 
also cause LYZ to cross-link. Moreover, the amount of lysine residues for LYZ also strengthens 
the hypothesis that it will cross-link.  
 Further research was carried out with PAH-quinones, and LYZ as a target protein. LYZ 
was treated with a series of selected substituted benzoquinones, such as MBQ, 2-phenyl–1,4–
benzoquinone (PhBQ), CBQ and tetrachloro-1,4-benzoquinone (TCBQ)9. Also, instead of just 
using BQ, this research experimented with NQ as well, such as 1,2-napthoquinone (ONQ), 1,4-
napthoquinone (PNQ), 2-hydroxy-1,4-naphthoquinone (HNQ). Research showed that at 
physiological conditions of pH 7.0 and 37 °C, the efficiency of modifying proteins increased 
from HNQ << PNQ << ONQ10. These results were measured using SDS-PAGE, fluorescence 
spectroscopy and UV-Vis spectroscopy9-10.  
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1.4 Purpose of Current Research  
 Due to the progress of past research, the current purpose of this research is to see the 
protein modification of LYZ when treated with NQs, with varied pH (pH 6.0, 7.0, 8.0) at 37 
°C10. Along with pH dependence for NQs, this research also tested protein modification of LYZ 
when treated with the substituted benzoquinones, such as MBQ, PhBQ, CBQ, PBQ and TCBQ to 
further build on past research9. These tests were done at physiological conditions of pH 7.0 and 
37 °C. Specifically in regard to PBQ, experiments were carried out on protein modification of 
LYZ in the presence of PBQ with both varied pH (pH 6.0, 7.0 and 8.0) and varied temperature 
(27 °C, 37 °C, 42 °C). These conditions were already tested, using fluorescence and UV-Vis 
spectroscopy. Additionally, we explored protein modifications focused on protein cross-linking, 
utilizing SDS-PAGE.  
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2.1 Introduction to Experimentation  
 This research focuses on the protein modification caused by protein cross-linking by the 
quinones of interest. To visualize evidence of protein cross-linking, SDS-PAGE analysis was 
used. For each experiment, the protein of interest, LYZ, was incubated with each quinone in 
different conditions varying from physiological conditions of pH 7.0 and 37 C, to more diverse 
conditions such as pH 6.0 and 8.0, and 27 C and 42 C. These incubated samples were then run 
through SDS-PAGE; then the gels were stained and de-stained to visualize protein modifications. 
Finally, it was quantitatively analyzed by ImageJ Software. All solutions for SDS-PAGE, as well 
as the components, were prepared in lab before each set of experiments.  
2.2 Incubation with Selected Quinones  
 For each experiment, 3.0 mM of quinones of interest, respectively, was incubated with 
0.10 mM LYZ. The quinones were weighed out to the mg, then dissolved in 10% MeOH/ 90% 
phosphate buffer. This mixture is due to the solubility issues with certain quinones. LYZ was 
also weighed out to the mg, then dissolved in DI water. It was set in 50.0 mM phosphate buffer 
using NaH2PO4 and its conjugate base, Na2HPO4, at pH of 6.0, 7.0 or 8.0. The incubation 
temperature was mostly 37 C, with two experiments of PBQ at 27 C and 42 C. The Eppendorf 
tubes holding the reaction mixture, as well as a control tube with the phosphate buffer and 0.10 
mM LYZ, were set in the incubator for a total of 24 h. Samples were taken at specific time 
intervals and then stored in the -80 C freezer to stop the reaction at the given time. These 
incubation tables, as well as the details of the reactions, can be found in Appendix B.  
2.3 Reagents and Solutions for SDS-PAGE 
Polyacrylamide gels for SDS-PAGE experiments were all prepared in the lab prior to 
each reaction. The resolving and stacking buffers were made using tris base. Other gel 
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polymerization solutions included 10% APS, monomer solution, 10% SDS, and TEMED. APS 
solution was flushed with Ar gas to prevent oxidation of ammonium persulfate in solution, then 
stored in a -80 C freezer.  The 10% APS, TEMED, and monomer solution were the primary 
solutions for polymerization. The resolving and stacking buffers kept the reactions in the gels at 
a certain pH.  
 Before the samples of quinone and protein were set in the gels, they were mixed with 
loading dye. The loading dye has glycerol to allow the samples to fall to the bottom of the wells 
and bromophenol blue to give it color in the gel. The dye also has 2-mercaptoethanol, which has 
a thiol functional group (-SH); thiols are effective in disrupting and reducing disulfide bonds 
within a protein. Moreover, the dye has SDS that can interact with the hydrophobic regions of 
the protein, giving it a uniform negative charge1. 
 Once the gels are set to run, there is an electrode buffer (EB) that surrounds the gel in the 
apparatus. EB was prepared using tris base, glycerin, and SDS. The gels are run for 3 h each 
time, to allow the proteins to travel the full length of the gel. After the run, the gels are put into 
staining solution that is methanol, acetic acid, water (25:10:65 in volume), with G-250 
Coomassie Brilliant Blue. They are left in the staining solution overnight. They are then put into 
de-staining solution, which is similar to staining solution without the Coomassie Brilliant Blue, 
to remove the dye on the surrounding gel while keeping the dye on the protein bands. These gels 
are then scanned and stored.  
2.4 SDS-PAGE Mechanism  
 SDS-PAGE is a commonly used methodology for separating macromolecules such as 
proteins. Electrophoresis is the method of moving ions using an electric field2. Utilization of gels 
with various pore sizes allows the separation of molecules based on size, shape and charge. In 
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gel electrophoresis, smaller molecules with the same charge have more mobility than larger 
molecules, while molecules with the same size and charge move through the gel as a band3. 
When the electric field is run through the apparatus, the negatively-charged proteins move 
toward the positive end under SDS-PAGE1.  
 Proteins come in structures of various complexities1. To reduce the protein complexity, 
denaturing is utilized where heat unfolds the protein, making it lose its tertiary structure. For this 
research, the denaturing process is carried out by first adding loading dye to each of the 
samples1. Loading dye has two reagents that aid in denaturing the protein completely: 2-
mercaptoethanol and SDS (structures of both are shown in Figure 2.4.1.) 2-mercaptoethanol has 
a thiol, containing sulfhydryl (-SH) groups. 2-mercaptoethanol reduces disulfide bonds on 
proteins. Once the heat is applied, and the protein unfolds, SDS molecules attach to the 
hydrophobic regions of the protein, making it linear. SDS molecules are also negatively charged, 
thus making the linear protein uniformly negative as well1.  
 Figure 2.4.1 Molecular structure of SDS and 2-mercaptoehtanol  
HO – CH2 – CH2 – SH  [CH3 – (CH2)10 – CH2 – O – SO3 -] Na± 
     2-mercaptoethanol      SDS 
 The uniform negative charge on the linear protein causes it to move toward the positive 
end of the gel during electrophoresis. Since the shape and charge are now similar for all the 
proteins in the gel, this allows the separation of proteins to be only based on the molecular mass 
of the protein1. In respect to this research, all proteins run through the gel are denatured. In the 
gels, there is a control lane that holds the unmodified LYZ molecules. The other lanes have 
varying levels of protein modification, whether dimer, trimer, digomers, or polymers1. 
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3.1 Introduction  
 NQs are reactive metabolites of naphthalene that is used in industrial as well as 
household products1,2. The chemical industry uses naphthalene in synthetic leather tanning 
agents, resins, dyes and surfactants1,2. Around 295 million kilograms of naphthalene are 
produced per year in the US3, with the typical naphthalene concentration found in city air is 0.18 
ppb2. Thus, naphthalene is considered a significant pollutant due to its widespread human 
exposure. Intense levels of naphthalene are correlated with cataracts and hemolytic anemia, as 
well as laryngeal tumors in workers who deal with naphthalene in industry1-3. It is also classified 
as a possible carcinogenic molecule by the International Agency for Research on Cancer and the 
U.S. Environmental Protection Agency2.  
 Due to the high exposure and the toxicological concerns, naphthalene is under need of 
research. The reactive properties of naphthalene are due to the reactive metabolites, such as 
epoxides, diol-epoxides and quinones3. Each of these metabolites may be cytotoxic and protein 
modifying; this research focuses mainly on the NQs with their ability to undergo redox cycling, 
create reactive oxygen species and cause protein aggregation3. The types of naphthoquinones, 
such as ONQ, PNQ, and HNQ, are the metabolites of the environmental naphthalene. In research 
performed on mice, which are sensitive to reactive quinone metabolites, it showed that ONQ was 
more abundant than PNQ. This could suggest that PNQ has a single metabolic pathway, while 
ONQ has multiple1. In another study with the same factors, the two quinones had dose-dependent 
toxicity4.  
 HNQ, or lawsone, is found in dye which has been used since the ancient times in Pakistan 
and Indian cultures. It was used for decorating the hands and feet of ladies on special occasions, 
as well as a cloth and hair dye5. It is made by making a paste out of the leaves of the henna plant 
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and adding lemon juice to draw out the color6. Once the paste is added to the skin or wool, it 
creates strong bonds with the proteins, such as the keratin and collagen5,6. The lawsone 
penetrates deeper into the skin depending on the amount of time the paste is left on, past the 
outer layer of skin cells. Figure 3.1.2 shows how, once the paste is removed, the dye on the hand 
itself darkens overtime, due to the HNQ oxidizing with the air. The time for henna tattoos to fade 
is over a period of days, which is the amount of time for a new layer of skin to form5. Lawsone, 
or HNQ is a part of 1,4-naphthoquinones, which are known to contribute color in plants and 
animals6. The three naphthoquinones are shown in Figure 3.1.1. 
Figure 3.1.1 Naphthoquinones of interest: PNQ, ONQ, HNQ 
 
All three naphthoquinones are under investigation due to their ability to undergo redox 
cycling, create reactive oxygen species and cause protein aggregation. For this research, the 
focus is on their ability to cause protein aggregation. Research was conducted on the efficiency 
of protein modification by naphthoquinones using UV-Vis Spectroscopy, shown in Figure 3.1.3, 
and Fluorescence, shown in Figure 3.1.47. These tests showed that in relation to each other, at pH 
7.0 and 37 °C, the efficiency of protein modification increased from HNQ to PNQ to ONQ. 
Compared to PBQ, the three naphthoquinones were not as efficient.  
 21 
In this research, SDS-PAGE is utilized to evaluate the degree of protein modifications 
induced by selected naphthoquinones. Each experiment was carried out in a time and pH 
dependent manner. Each reaction was carried out in 50.0 mM phosphate buffer at 37 °C, with pH 
variance of 6.0, 7.0 and 8.0. These results were then compared among the naphthoquinone group, 
as well as by pH dependence within each specific naphthoquinone. The results are shown using 
10% SDS gels at each pH.  
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Figure 3.1.2 Record of henna dye darkening over the course of 18 hours; dye was applied to skin 
using henna paste, which was left on for 2 hours. A) t=0 h after removing paste. B) t=6 h.  
C) t=12 h. D) t=18 h.  
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Figure 3.1.3 UV-Vis Specra of LYZ ± selected quinones (0.050 mM) at 37 °C and phosphate 
buffer (pH 7.0, 50.0 mM)7.   
 
Figure 3.1.4 Fluorescence Spectra of the same samples above7 
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3.2 Reactions of LYZ and HNQ at various pH  
Figure 3.2.1 shows the results of LYZ (0.10 mM) ± HNQ (3.0 mM) in pH 6.0 phosphate 
buffer at 37 °C. L1 represents the control LYZ without HNQ. L2 to L9 shows a series of 
reactions of LYZ and HNQ at pH 6.0 for 10, 30, 60, 120, 180, 240, 300 min and 24 h, 
respectively. It shows that there is no protein oligomerization or protein aggregation in any of the 
lanes.     
Figure 3.2.2 shows the results of LYZ (0.10 mM) ± HNQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. L1 represents the control LYZ without the quinone sample. L2 to L9 shows a 
series of reactions of LYZ and HNQ at pH 7.0 for 10, 30, 60, 120, 180, 240, 300 min and 24 h, 
respectively. It shows that there is no protein oligomerization or protein aggregation in any of the 
lanes.   
Figure 3.2.3 shows the results of LYZ (0.10 mM) ± HNQ (3.0 mM) in pH 8.0 phosphate 
buffer at 37 °C. L1 represents the control LYZ without the quinone sample. L2 to L9 shows a 
series of reactions of LYZ and HNQ at pH 6.0 for 10, 30, 60, 120, 180, 240, 300 min and 24 h, 
respectively. It shows that there is no protein oligomerization or protein aggregation in any of the 
lanes.  
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Figure 3.2.1: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C and pH 6.0   
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with HNQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h 
 L2: 10 min Reaction with HNQ  
 L3: 30 min Reaction with HNQ  
 L4: 60 min Reaction with HNQ  
 L5: 120 min Reaction with HNQ  
 L6: 180 min Reaction with HNQ  
 L7: 240 min Reaction with HNQ  
 L8: 300 min Reaction with HNQ  
 L9: 24 h Reaction with HNQ  
 
 
 
  
 
 
 26 
Figure 3.2.2: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C and pH 7.0  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with HNQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h 
 L2: 10 min Reaction with HNQ  
 L3: 30 min Reaction with HNQ  
 L4: 60 min Reaction with HNQ  
 L5: 120 min Reaction with HNQ  
 L6: 180 min Reaction with HNQ  
 L7: 240 min Reaction with HNQ  
 L8: 300 min Reaction with HNQ  
 L9: 24 h Reaction with HNQ  
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Figure 3.2.3: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C and pH 8.0  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with HNQ (3 mM). This incubation was done 
at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ and 
phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h 
 L2: 10 min Reaction with HNQ  
 L3: 30 min Reaction with HNQ  
 L4: 60 min Reaction with HNQ  
 L5: 120 min Reaction with HNQ  
 L6: 180 min Reaction with HNQ  
 L7: 240 min Reaction with HNQ  
 L8: 300 min Reaction with HNQ  
 L9: 24 h Reaction with HNQ  
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3.3 Reactions of LYZ and ONQ at various pH   
 Figure 3.3.1 shows the results of LYZ (0.10 mM) ± ONQ (3.0 mM) in pH 6.0 phosphate 
buffer at 37 °C. The dimer band intensifies overtime, clearly showing up around 28.8 kDa by 3 h 
(L6) and continuing through to 24 h (L9).  At 24 h (L9), there is also a trimer formation found 
around 43.2 kDa.  
 Figure 3.3.2 shows the results of LYZ (0.10 mM) ± ONQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. In this gel, the control lane (L9) is found in the last lane instead of the first. 
There is no impurity band in the control lane. Starting at 30 min (L2), there is a clear dimer band 
found around 28.8 kDa. This band intensifies throughout the rest of the lanes until 24 h (L8). At 
24 h (L8), there is a clear trimer band around 43.2 kDa as well, along with a slight smearing band 
indicating further protein aggregation.  
 Figure 3.3.3 shows the results of LYZ (0.10 mM) ± ONQ (3.0 mM) in pH 8.0 phosphate 
buffer at 37 °C. It shows that in comparison to the control lane (L1), there is dimer formation 
around 28.8 kDa and trimer formation around 43.2 kDa starting from 10 min (L2). Both bands 
intensify throughout the rest of the lanes. A smearing band also develops starting lightly at 2 h 
(L5) and getting most clear at 24 h (L9), indicating further protein aggregation.  
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Figure 3.3.1: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 6.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 Mm). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  This SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h 
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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Figure 3.3.2: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 7.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 Mm). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  This SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: 10 min Reaction with ONQ  
 L2: 30 min Reaction with ONQ  
 L3: 60 min Reaction with ONQ  
 L4: 120 min Reaction with ONQ  
 L5: 180 min Reaction with ONQ  
 L6: 240 min Reaction with ONQ  
 L7: 300 min Reaction with ONQ 
 L8: 24 h Reaction with ONQ 
 L9: Control LYZ at pH 7.0 and 37 °C for 24 h 
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Figure 3.3.3: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 8.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 Mm). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  This SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h 
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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3.4 Reactions of LYZ and PNQ at various pH 
 
 Figure 3.4.1 shows the results of LYZ (0.10 mM) ± PNQ (3.0 mM) in pH 6.0 phosphate 
buffer at 37 °C. A very faint dimer band around 28.8 kDa grows with intensity throughout the 
rest of the lanes, with the most clarity at 24 h (L9).  
 Figure 3.4.2 shows the results of LYZ (0.10 mM) ± PNQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. A very faint dimer band around 28.8 kDa grows with intensity throughout the 
rest of the lanes, with the most clarity at 24 h (L9).  
 Figure 3.4.3 is the results of LYZ (0.10 mM) ± (3.0 mM) in pH 8.0 phosphate buffer, at 
37 °C. A very faint band due to dimer formation around 28.8 kDa appeared at L9 when LYZ was 
incubated with PNQ for 24h at pH 8.0.  
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Figure 3.4.1: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C and pH 6.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PNQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS- PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h 
 L2: 10 min Reaction with PNQ  
 L3: 30 min Reaction with PNQ  
 L4: 60 min Reaction with PNQ  
 L5: 120 min Reaction with PNQ  
 L6: 180 min Reaction with PNQ  
 L7: 240 min Reaction with PNQ  
 L8: 300 min Reaction with PNQ  
 L9: 24 h Reaction with PNQ  
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Figure 3.4.2: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C and pH 7.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PNQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS- PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h 
 L2: 10 min Reaction with PNQ  
 L3: 30 min Reaction with PNQ  
 L4: 60 min Reaction with PNQ  
 L5: 120 min Reaction with PNQ  
 L6: 180 min Reaction with PNQ  
 L7: 240 min Reaction with PNQ  
 L8: 300 min Reaction with PNQ  
 L9: 24 h Reaction with PNQ  
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Figure 3.4.3: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C and pH 8.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PNQ (3.0 mM). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS- PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h 
 L2: 10 min Reaction with PNQ  
 L3: 30 min Reaction with PNQ  
 L4: 60 min Reaction with PNQ  
 L5: 120 min Reaction with PNQ  
 L6: 180 min Reaction with PNQ  
 L7: 240 min Reaction with PNQ  
 L8: 300 min Reaction with PNQ  
 L9: 24 h Reaction with PNQ 
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3.5 Conclusion 
 
In conclusion, LYZ is readily modified by the three naphthoquinones (ONQ, PNQ, HNQ) 
under physiological conditions of 37 °C and pH 7.0, as well as at pH 6.0 and 8.0. These results 
are confirmed by the SDS-PAGE experiments which show dimer and some trimer formation 
when compared to LYZ controls. The data shows that the increase in incubation time resulted in 
more modifications.  
In comparing the three different types of quinones, the intensity of aggregation is 
observed to be strongest for ONQ, then PNQ and lastly HNQ. This is seen by the continuous 
dimer bands found in ONQ treated LYZ at each pH, causing it to be the most reactive 
naphthoquinone of interest. PNQ ranked the second, based on slight aggregation that was greater 
than when LYZ was incubated with HNQ, at each pH level.  
 Figure 3.5.1 shows a series of reactions of LYZ treated with HNQ at pH 6.0, 7.0, and 8.0, 
respectively. In comparing the three gels, there is no change in reactivity in HNQ, due to the lack 
of aggregation in any of the gels.  
Figure 3.5.1 Comparison of HNQ reactions: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C with pH 
dependence. 
 
  
 Figure 3.5.2 shows a series of reactions of LYZ treated with ONQ at pH 6.0, 7.0, and 8.0, 
respectively. In comparing the three gels, there is increasing aggregation as the pH increases, 
with pH 6.0 being the least, with just dimers and a hint of a trimer at 24 h. The pH 7.0 gel is the 
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next reactive because it has more intense dimer formation, as well as slight trimer formation; the 
pH 8.0 condition appeared to result in most modifications because it has an intense dimer 
formation starting at 10 min, as well as a trimer formation starting at 10 min that intensifies and a 
smearing band that becomes clearest at 24 h. 
Figure 3.5.2 Comparison of ONQ reactions: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C with pH 
dependence. 
 
 
Figure 3.5.3 shows a series of reactions of LYZ treated with PNQ at pH 6.0, 7.0 and 8.0, 
respectively. In comparing the three gels, there is increasing aggregation as the pH increases. 
The pH 6 gel is the least reactive, because though the dimer band intensifies, it does not intensify 
as greatly as in the pH 7 gel. The pH 8 gel appeared to result in most modifications because it 
has the most intense protein aggregation at the dimer position, as well as a light trimer band at 24 
h.  
Figure 3.5.3 Comparison of PNQ reactions: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C with pH 
dependence. 
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 The differences in protein modification with pH dependency are due to the pH itself. The 
ionic state of the lysine residue on LYZ is changed depending on the pH level of the reaction. 
The higher the pH, the more nucleophilic the lysine residue became, which can be the probable 
cause for more protein crosslinking to occur. The difference in protein modification in relation to 
the three types of naphthoquinones can be due to the position of the carbonyl, and/or reduction 
potentials of each naphthoquinone. Interestingly, the least reactive HNQ resulted in plaque 
formation of LYZ when reacted at pH 8.0. The increased reactivity could be due to the increased 
nucleophilic activity of the lysine residues. Due to the plaque formation, solubilizing HNQ 
modified LYZ was not possible for further analysis on SDS-PAGE.  
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Chapter 4: Substituted Benzoquinone Reactivity  
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4.1 Introduction  
 
 Of the PAHs found in the environment, the simplest unit of PAHs is benzene. Benzene 
can be oxidized into PBQ1. In addition to PBQ, there could be other types of quinone metabolites 
if there are substituents at 2,3,5 and/or 6 positions on the ring.  These substituted benzoquinones 
are MBQ, PhBQ, CBQ and TCBQ. The molecular structure of each PAH-quinone is shown in 
Figure 4.1.1. These PAHs are commonly found in the environment as byproducts of industrial 
processes, cigarette smoke, medicines, and water purification processes1-2. Once the PAHs slip 
into the cell, they are expected to cause reactions in a similar manner as naphthoquinones, as 
mentioned previously. 
 
Figure 4.1.1 Substituted benzoquinones of interest: PBQ, MBQ, PhBQ, CBQ, TCBQ 
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Past research is primarily focused on the effects of PBQ on RNase modification in a 
concentration and time dependent manner. Results showed that as time increased, the degree of 
protein modification would increase2. As for concentration, the amount of protein modification 
also increased as the quinone concentration increased3. As research progressed, substituted 
benzoquinones also came into focus. Due to the different substituents on each quinone, the 
different electron withdrawing groups may cause various reactivity.  
Due to the amyloidal properties of LYZ, as discussed in the Introduction, this research 
focused on LYZ instead of RNase. Measurements were carried out using fluorescence and UV-
Vis spectroscopy, as shown in Figure 4.1.2 and Figure 4.1.3, respectively4. The spectra showed 
that the substituted benzoquinones did affect protein modification; furthermore, it showed that 
depending on the substituent, the substituted benzoquinones could be ranked in efficiency of 
protein modification. This ranking went from MBQ<<PhBQ<<PBQ<<CBQ<< TCBQ, with 
TCBQ being the most efficient4.  
Figure 4.1.2 Fluorescence spectra of substituted benzoquinones efficiency at LYZ modification 
at 37 °C and pH 7.04.  
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Figure 4.1.3 UV-Vis spectra of substituted benzoquinones efficiency at LYS modification at 37 
°C and pH 7.04. 
 
 
 The proposed research here is focused on substituent effect on protein modification, 
using SDS-PAGE. Each experiment was carried out in a time dependent manner, at pH 7.0 and 
37 °C. Each reaction also used the same concentration of substituted benzoquinone, as well as 
identical preparation methods. The only variation in each incubation and experimental run was 
the substituents themselves. The results were shown using 10% SDS gels for each substituted 
benzoquinone.  
 In the gels of the more efficient BQs, there is evidence of plaque formation, as shown in 
Figure 4.1.4. Plaque formation occurs when polymeric aggregation becomes so intense that it 
precipitates out of solution. This insoluble plaque is then unable to pass into the gel and travel 
through the gel to create protein bands. Evidence of this can be seen in gels where the intensity 
of dimer, trimer and smearing bands grows until a certain time and then begins to decrease 
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Figure 4.1.4 Example of plaque formation in wells of gel apparatus; LYZ (0.10 mM) + PBQ 
(3.0 mM) at pH 7.0 at 42 °C.  
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4.2 Reactions of LYZ and Substituted BQ 
Figure 4.2.1 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. It shows that dimer formation begins as early as 10 min (L2) around 28.8 kDa. 
This dimer band increases in intensity throughout the rest of the time. However, around 2 h (L5), 
the intensity begins to drop. This is due to the heavy plaque formation that begins to occur at this 
time. This same issue applies for the trimer band that shows up at 30 min (L3), which then drops 
in band intensity as time progresses. There is also a smearing band starting at 1 h (L4) that 
begins to lose intensity over time.  
 Figure 4.2.2 shows the results of LYZ (0.10 mM) ± MBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. It shows that dimer formation around 28.8 kDa does not begin clearly until 2 h 
(L5), where it then increases in intensity until the reaction is finished. At 24 h (L9), there is also 
a trimer band around 43.2 kDa, as well as a smearing band.  
 Figure 4.2.3 shows the results of LYZ (0.10 mM) ± PhBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. It shows that dimer formation around 28.8 kDa clearly begins forming around 1 
h (L4), after which it increases in intensity. At 24 h (L9), there is a trimer band around 43.2 kDa, 
as well as a smearing band.  
 Figure 4.2.4 shows the results of LYZ (0.10 mM) ± CBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. It shows that dimer formation around 28.8 kDa is clear as early as 10 min (L2), 
which then steadily increases in intensity over the course of the experiment. Trimer formation 
around 43.2 kDa begins at 30 min (L3) and grows in intensity, as well as a smearing band that 
continues throughout the rest of the experiment.  
 Figure 4.2.5 shows the results of LYZ (0.10 mM) ± TCBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. It shows clear dimer formation around 28.8 kDa starting at 10 min (L2). Trimer 
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formation around 43.2 kDa begins at 30 min (L2). At 30 min, there is also clear tetramer 
formation, as well as a smearing band. However, due to plaque formation in TCBQ, the bands 
begin to lose intensity around 2 h (L5), slowly decreasing until the end.  
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Figure 4.2.1:  LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 7.0. 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure 4.2.2: LYZ (0.10 mM) ± MBQ (3.0 mM) at 37 °C and pH 7.0.   
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with MBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with MBQ  
 L3: 30 min Reaction with MBQ  
 L4: 60 min Reaction with MBQ  
 L5: 120 min Reaction with MBQ  
 L6: 180 min Reaction with MBQ  
 L7: 240 min Reaction with MBQ  
 L8: 300 min Reaction with MBQ  
 L9: 24 h Reaction with MBQ  
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Figure 4.2.3: LYZ (0.10 mM) ± PhBQ (3.0 mM) at 37 °C and pH 7.0.  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PhBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PhBQ  
 L3: 30 min Reaction with PhBQ  
 L4: 60 min Reaction with PhBQ  
 L5: 120 min Reaction with PhBQ  
 L6: 180 min Reaction with PhBQ  
 L7: 240 min Reaction with PhBQ  
 L8: 300 min Reaction with PhBQ  
 L9: 24 h Reaction with PhBQ  
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Figure 4.2.4: LYZ (0.10 mM) ± CBQ (3.0 mM) at 37 °C and pH 7.0.  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with CBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with CBQ  
 L3: 30 min Reaction with CBQ  
 L4: 60 min Reaction with CBQ  
 L5: 120 min Reaction with CBQ  
 L6: 180 min Reaction with CBQ  
 L7: 240 min Reaction with CBQ  
 L8: 300 min Reaction with CBQ  
 L9: 24 h Reaction with CBQ  
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Figure 4.2.5: LYZ (0.10 mM) ± TCBQ (3.0 mM) at 37 °C and pH 7.0.  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with TCBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with TCBQ  
 L3: 30 min Reaction with TCBQ  
 L4: 60 min Reaction with TCBQ  
 L5: 120 min Reaction with TCBQ  
 L6: 180 min Reaction with TCBQ  
 L7: 240 min Reaction with TCBQ  
 L8: 300 min Reaction with TCBQ  
 L9: 24 h Reaction with TCBQ  
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4.3 Conclusion 
 
 In conclusion, LYZ is readily modified by the selected substituted benzoquinones of 
interest (MBQ, PhBQ, PBQ, CBQ and TCBQ) at 37 °C and pH 7.0. These results are confirmed 
using both the UV-Vis and fluorescence spectroscopies together with the SDS-PAGE results 
which showed dimer, trimer and smearing bands in the high molecular weight regions when 
compared to LYZ controls. The efficiency of protein modification was shown to have a direct 
relationship with the length of the incubation.  
In comparing the five different types of benzoquinones, the intensity of aggregation is 
strongest for TCBQ>CBQ>>PBQ>PhBQ>MBQ. The differences in intensity can be seen by the 
early onset of smearing bands for PBQ, CBQ and TCBQ, while MBQ and PhBQ only have them 
appear in the 24 h lane. Figure 4.3.1 compares all five substituted benzoquinones to each other. 
These are the same images from the above section.  
Figure 4.3.1 Comparison of the substituted benzoquinones: LYZ (0.10 mM) ± BQ (3.0 mM) at 
37 °C and pH 7.0. 
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In terms of benzoquinone reactivity, TCBQ is the most reactive based on the smearing 
band formed as early as 30 min, while PBQ’s smearing band appeared at 1 h. Though CBQ also 
had a smearing band beginning at 30 min, TCBQ had heavy enough aggregation to form plaque 
in its 24 h well. Thus, due to its heavy protein aggregation from the start, TCBQ is the most 
efficient in protein modification, with CBQ the second, and PBQ as the third. This could be due 
to the substituent present on each quinone, with CBQ and TCBQ having one or more electron 
withdrawing atoms such as chloride. When the substituent is electron withdrawing, the quinone 
becomes more electrophilic, thus more efficient in protein crosslinking. In contrast, MBQ, which 
had an electron donating methyl group, with less electrophilic quinones, had the lowest amounts 
of protein crosslinking, with dimer and trimer bands only appearing at longer incubation times.  
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Chapter 5: 1,4-Benzoquinone Reactivity 
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5.1 Introduction  
 Benzoquinones belong to PAH-quinone family that is commonly found in the 
environment1. As stated in Chapter 4, PBQ is the benzoquinone that is the most extensively 
researched. Figure 5.1.1 shows the molecular structure of PBQ.  
Figure 5.1.1 PBQ Molecular Structure 
 
Past research showed that as time increased, the amount of protein modification caused 
by PBQ, with RNase as a model protein, would also increase2. Furthermore, results showed that 
as the concentration of PBQ increased, protein modification also increased3. Due to its amyloidal 
properties, LYZ was used in further research in protein modification by PBQ.  
This research looks at LYZ modification caused by PBQ, both with pH dependence and 
temperature dependence. Each experiment was carried out in a time dependent manner. The first 
set of reactions were carried out using 50.0 mM phosphate buffer at 37°C, with pH variance of 
6.0, 7.0 and 8.0, to observe the effect of pH on LYZ modifications induced by PBQ. The latter 
set of reactions were carried out using 50.0 mM phosphate buffer at pH 7.0 at 27 °C, 37 °C and 
42 °C to evaluate the effect of temperature on LYZ modifications induced by PBQ. The results 
are visualized using 10% SDS-PAGE gels for each pH dependent and temperature dependent 
experiment.  
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5.2 Reactions of LYZ and PBQ at various temperatures  
Figure 5.2.1 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 27 °C. It shows dimer formation around 28.8 kDa beginning at 10 min (L2) and 
increasing in intensity until 4 h (L7). The decrease in intensity is due to heavy plaque formation 
in the wells, thus not allowing the proteins to enter the gel. Trimer formation around 43.2 kDa 
can be found at 1 h (L4), growing in intensity until plaque formation around 4 h. There is also a 
smearing band that is clearly seen at 2 h (L5) which also follows the pattern of intensity and 
decreasing due to plaque.  
 Figure 5.2.2 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 37 °C. It is the same gel as shown in Chapter 4, just included to provide comparison 
between temperatures. It shows that dimer formation begins as early as 10 min (L2) around 28.8 
kDa. This dimer band increases in intensity throughout the rest of the time. However, around 2 h 
(L5), the intensity begins to drop due to plaque formation. This same issue applies for the trimer 
band that shows up at 30 min (L3), which then drops in band intensity as time progresses. There 
is also a smearing band starting at 1 h (L4) that begins to lose intensity over time, also due to 
plaque formation. 
 Figure 5.2.3 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 7.0 phosphate 
buffer at 42 °C. It shows dimer formation around 28.8 kDa seen as early as 10 min (L2) and 
increasing in intensity until 2 h (L5) where it begins to decrease due to plaque formation. The 
trimer band that begins at 10 min (L2) also begins to decrease in intensity around 2 h (L5) due to 
plaque formation. The same goes for the smearing band that is seen started at 30 min (L3). 
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FIGURE 5.2.1: LYZ (0.10 mM) ± PBQ (3.0 mM) at 27°C and pH 7.0. 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 27 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 27 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure 5.2.1: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37°C and pH 7.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure 5.2.2: LYZ (0.10 mM) ± PBQ (3.0 mM) at 42°C and pH 7.0 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 42 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 42 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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5.3 Reactions of LYZ and PBQ at various pH  
 
Figure 5.3.1 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 6.0 phosphate 
buffer at 37 °C. It shows dimer formation around 28.8 kDa beginning at 1 h (L4) which then 
increases in intensity. Trimer formation around 43.2 kDa begins at 4 h (L7) and increases from 
then. There is also a smearing band that is clearly seen at 24 h (L9). There is a slight decrease in 
intensity of all three band types due to plaque formation in the 24 h lane.  
 Figure 5.3.2 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 7.0 phospate 
buffer at 37 °C. It is the same gel as shown in Chapter 4, just included to provide comparison 
between pH levels. It shows that dimer formation begins as early as 10 min (L2) around 28.8 
kDa. This dimer band increases in intensity throughout the rest of the time. However, around 2 h 
(L5), the intensity begins to drop due to plaque formation. This same issue applies for the trimer 
band that shows up at 30 min (L3), which then drops in band intensity as time progresses. There 
is also a smearing band starting at 1 h (L4) that begins to lose intensity over time. 
 Figure 5.3.3 shows the results of LYZ (0.10 mM) ± PBQ (3.0 mM) in pH 8.0 phosphate 
buffer 37 °C. It shows dimer formation around 28.8 kDa beginning at 10 min (L2) as well as 
trimer formation around 43.2 kDa and a smearing band. These increase in intensity over time, 
until 2 h (L5) when it began to decrease due to plaque formation.  
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Figure 5.3.1: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 6.0  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure 5.3.2: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 7.0  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure 5.3.3: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 8.0  
 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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5.4 Conclusion  
 
 In conclusion, LYZ is readily modified by PBQ over the range of varied pH (pH 6.0, 7.0 
and 8.0) and temperatures (27 °C, 37 °C and 42 °C). These results are confirmed using the SDS-
PAGE experiments, which showed dimer, trimer and smearing bands in the high molecular 
weight regions when compared to its LYZ controls. The efficiency of protein modification was 
shown to have direct relationship with the length of incubation. 
 In comparing the three different temperatures (Figure 5.4.1), the intensity of aggregation 
increases as the temperature increases. This is due to the direct relationship between temperature 
and the rate of reaction – as temperature increases, the rate of a reaction increases as well4. Thus, 
the rate of protein crosslinking is higher as the temperature increases. Though each have high 
levels of protein aggregation (the smearing bands), the gels show more protein aggregation 
through the gradual fading of the bands over time. The fading is caused by plaque formation, 
which is high protein aggregation. The high levels of fading seen at higher time samples shows 
the high levels of plaque formation in the wells. 
Figure 5.4.1 Comparison of PBQ reactions: LYZ (0.10 mM) ± PBQ (3.0 mM) at pH 7.0 with 
temperature dependence. 
 
 
 In comparing the different pH, as shown in Figure 5.4.2, the intensity of aggregation 
increases as the pH increases. The ionic state of the lysine residue on LYZ is changed depending 
on the pH level of the reaction. The higher the pH, the more nucleophilic the lysine residue 
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became, thus being the probable cause for more protein crosslinking to occur. At pH 6.0, trimer 
bands only form at longer incubation times, whereas it appears quickly for pH 7.0 and 8.0. At pH 
8.0, the smearing band which indicated protein aggregation at high molecular weights begins at 
10 min, whereas it appears at 1 h for pH 7.0. 
Figure 5.4.2 Comparison of PBQ reactions: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C with pH 
dependence.  
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Figure A.1: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.2: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.3: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.4: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.5: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 6.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.6: LYZ (0.10 mM) ± PBQ (3.0 mM) at 37 °C and pH 8.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.7: LYZ (0.10 mM) ± PBQ (3.0 mM) at 27°C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 27 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 27 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.8: LYZ (0.10 mM) ± PBQ (3.0 mM) at 42°C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PBQ (3.0 mM). This incubation was 
done at pH 7.0 and 42 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 42 °C for 24 h  
 L2: 10 min Reaction with PBQ  
 L3: 30 min Reaction with PBQ  
 L4: 60 min Reaction with PBQ  
 L5: 120 min Reaction with PBQ  
 L6: 180 min Reaction with PBQ  
 L7: 240 min Reaction with PBQ  
 L8: 300 min Reaction with PBQ  
 L9: 24 h Reaction with PBQ  
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Figure A.9: LYZ (0.10 mM) ± MBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with MBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with MBQ  
 L3: 30 min Reaction with MBQ  
 L4: 60 min Reaction with MBQ  
 L5: 120 min Reaction with MBQ  
 L6: 180 min Reaction with MBQ  
 L7: 240 min Reaction with MBQ  
 L8: 300 min Reaction with MBQ  
 L9: 24 h Reaction with MBQ  
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Figure A.10: LYZ (0.10 mM) ± PhBQ (3.0 mM) at 37 °C  and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PhBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PhBQ  
 L3: 30 min Reaction with PhBQ  
 L4: 60 min Reaction with PhBQ  
 L5: 120 min Reaction with PhBQ  
 L6: 180 min Reaction with PhBQ  
 L7: 240 min Reaction with PhBQ  
 L8: 300 min Reaction with PhBQ  
 L9: 24 h Reaction with PhBQ  
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Figure A.11: LYZ (0.10 mM) ± PhBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PhBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PhBQ  
 L3: 30 min Reaction with PhBQ  
 L4: 60 min Reaction with PhBQ  
 L5: 120 min Reaction with PhBQ  
 L6: 180 min Reaction with PhBQ  
 L7: 240 min Reaction with PhBQ  
 L8: 300 min Reaction with PhBQ  
 L9: 24 h Reaction with PhBQ  
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Figure A.12: LYZ (0.10 mM) ± TCBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with TCBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with TCBQ  
 L3: 30 min Reaction with TCBQ  
 L4: 60 min Reaction with TCBQ  
 L5: 120 min Reaction with TCBQ  
 L6: 180 min Reaction with TCBQ  
 L7: 240 min Reaction with TCBQ  
 L8: 300 min Reaction with TCBQ  
 L9: 24 h Reaction with TCBQ  
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Figure A.13: LYZ (0.10 mM) ± TCBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with TCBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with TCBQ  
 L3: 30 min Reaction with TCBQ  
 L4: 60 min Reaction with TCBQ  
 L5: 120 min Reaction with TCBQ  
 L6: 180 min Reaction with TCBQ  
 L7: 240 min Reaction with TCBQ  
 L8: 300 min Reaction with TCBQ  
 L9: 24 h Reaction with TCBQ  
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Figure A.14: LYZ (0.10 mM) ± TCBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with TCBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with TCBQ  
 L3: 30 min Reaction with TCBQ  
 L4: 60 min Reaction with TCBQ  
 L5: 120 min Reaction with TCBQ  
 L6: 180 min Reaction with TCBQ  
 L7: 240 min Reaction with TCBQ  
 L8: 300 min Reaction with TCBQ  
 L9: 24 h Reaction with TCBQ  
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Figure A.15: LYZ (0.10 mM) ± CBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with CBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with CBQ  
 L3: 30 min Reaction with CBQ  
 L4: 60 min Reaction with CBQ  
 L5: 120 min Reaction with CBQ  
 L6: 180 min Reaction with CBQ  
 L7: 240 min Reaction with CBQ  
 L8: 300 min Reaction with CBQ  
 L9: 24 h Reaction with CBQ  
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Figure A.16: LYZ (0.10 mM) ± CBQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with CBQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with CBQ  
 L3: 30 min Reaction with CBQ  
 L4: 60 min Reaction with CBQ  
 L5: 120 min Reaction with CBQ  
 L6: 180 min Reaction with CBQ  
 L7: 240 min Reaction with CBQ  
 L8: 300 min Reaction with CBQ  
 L9: 24 h Reaction with CBQ  
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Figure A.17: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 6.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h  
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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Figure A.18: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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Figure A.19: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate)  
  
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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Figure A.20: LYZ (0.10 mM) ± ONQ (3.0 mM) at 38 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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Figure A.21: LYZ (0.10 mM) ± ONQ (3.0 mM) at 37 °C and pH 8.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with ONQ (3.0 mM). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h  
 L2: 10 min Reaction with ONQ  
 L3: 30 min Reaction with ONQ  
 L4: 60 min Reaction with ONQ  
 L5: 120 min Reaction with ONQ  
 L6: 180 min Reaction with ONQ  
 L7: 240 min Reaction with ONQ  
 L8: 300 min Reaction with ONQ  
 L9: 24 h Reaction with ONQ  
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Figure A.22: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C and pH 6.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PNQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PNQ  
 L3: 30 min Reaction with PNQ  
 L4: 60 min Reaction with PNQ  
 L5: 120 min Reaction with PNQ  
 L6: 180 min Reaction with PNQ  
 L7: 240 min Reaction with PNQ  
 L8: 300 min Reaction with PNQ  
 L9: 24 h Reaction with PNQ  
 
 
 
 
 
 
 91 
Figure A.23: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PNQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PNQ  
 L3: 30 min Reaction with PNQ  
 L4: 60 min Reaction with PNQ  
 L5: 120 min Reaction with PNQ  
 L6: 180 min Reaction with PNQ  
 L7: 240 min Reaction with PNQ  
 L8: 300 min Reaction with PNQ  
 L9: 24 h Reaction with PNQ  
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Figure A.24: LYZ (0.10 mM) ± PNQ (3.0 mM) at 37 °C  and pH 8.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with PNQ (3.0 mM). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h  
 L2: 10 min Reaction with PNQ  
 L3: 30 min Reaction with PNQ  
 L4: 60 min Reaction with PNQ  
 L5: 120 min Reaction with PNQ  
 L6: 180 min Reaction with PNQ  
 L7: 240 min Reaction with PNQ  
 L8: 300 min Reaction with PNQ  
 L9: 24 h Reaction with PNQ  
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Figure A.25: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C and pH 6.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with HNQ (3.0 mM). This incubation was 
done at pH 6.0 and 37 °C in phosphate buffer (50.0 mM, pH 6.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 6.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 6.0 and 37 °C for 24 h  
 L2: 10 min Reaction with HNQ  
 L3: 30 min Reaction with HNQ  
 L4: 60 min Reaction with HNQ  
 L5: 120 min Reaction with HNQ  
 L6: 180 min Reaction with HNQ  
 L7: 240 min Reaction with HNQ  
 L8: 300 min Reaction with HNQ  
 L9: 24 h Reaction with HNQ  
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Figure A.26: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C and pH 7.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with HNQ (3.0 mM). This incubation was 
done at pH 7.0 and 37 °C in phosphate buffer (50.0 mM, pH 7.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 7.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 7.0 and 37 °C for 24 h  
 L2: 10 min Reaction with HNQ  
 L3: 30 min Reaction with HNQ  
 L4: 60 min Reaction with HNQ  
 L5: 120 min Reaction with HNQ  
 L6: 180 min Reaction with HNQ  
 L7: 240 min Reaction with HNQ  
 L8: 300 min Reaction with HNQ  
 L9: 24 h Reaction with HNQ  
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Figure A.27: LYZ (0.10 mM) ± HNQ (3.0 mM) at 37 °C and pH 8.0 (Duplicate) 
 
 
 
SDS-PAGE reaction of LYZ (0.10 mM) incubated with HNQ (3.0 mM). This incubation was 
done at pH 8.0 and 37 °C in phosphate buffer (50.0 mM, pH 8.0). The Control24 contained LYZ 
and phosphate buffer (50.0 mM, pH 8.0). After each sample was taken, it was put in the -80 °C 
freezer to halt the reaction at the given time.  SDS-PAGE was done in 10% gel.  
 
 MM(Molecular Marker)   
 L1: Control LYZ at pH 8.0 and 37 °C for 24 h  
 L2: 10 min Reaction with HNQ  
 L3: 30 min Reaction with HNQ  
 L4: 60 min Reaction with HNQ  
 L5: 120 min Reaction with HNQ  
 L6: 180 min Reaction with HNQ  
 L7: 240 min Reaction with HNQ  
 L8: 300 min Reaction with HNQ  
 L9: 24 h Reaction with HNQ  
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Table B.1: Reaction Details of LYZ (0.10 mM) with MBQ (3.0 mM) at pH 7.0 
 
0615 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, MBQ 
122.12 0.20 24.4 in 10%MeOH/buffer 20 3 720 108 
  Actual MBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.2: Reaction Details of LYZ (0.10 mM) with PhBQ (3.0 mM) at pH 7.0 
 
0615 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, PhBQ 
184.19 0.20 36.8 in 10%MeOH/buffer 20 3 720 108 
  Actual PhBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.3: Reaction Details of LYZ (0.10 mM) with PBQ (3.0 mM) at pH 7.0 
 
0620 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, PBQ 
108.10 0.20 21.6 in 10%MeOH/buffer 20 3 720 108 
  Actual PBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
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Table B.4: Reaction Details of LYZ (0.10 mM) with CBQ (3.0 mM) at pH 7.0 
 
0620 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, CBQ 
142.52 0.20 28.5 in 10%MeOH/buffer 20 3 720 108 
  Actual CBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
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Table B.5: Reaction Details of LYZ (0.10 mM) with TCBQ (3.0 mM) at pH 7.0 
 
0621 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, TCBQ 
245.86 0.20 49.2 in 10%MeOH/buffer 20 3 720 108 
  Actual TCBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 102 
Table B.6: Reaction Details of LYZ (0.10 mM) with PBQ (3.0 mM) at pH 8.0 
 
0620 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, PBQ 
108.10 0.20 21.6 in 10%MeOH/buffer 20 3 720 108 
  Actual PBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 8 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
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Table B.7: Reaction Details of LYZ (0.10 mM) with PBQ (3.0 mM) at pH 6.0 
 
0620 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, PBQ 
108.10 0.20 21.6 in 10%MeOH/buffer 20 3 720 108 
  Actual PBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 6 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
37oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
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Table B.8: Reaction Details of LYZ (0.10 mM) with PBQ (3.0 mM) at pH 7.0 at 27 o C 
 
0620 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, PBQ 
108.10 0.20 21.6 in 10%MeOH/buffer 20 3 720 108 
  Actual PBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
27oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
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Table B.9: Reaction Details of LYZ (0.10 mM) with PBQ (3.0 mM) at pH 7.0 at 42 o C 
 
0620 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
  20 mM/10ml stock, PBQ 
108.10 0.20 21.6 in 10%MeOH/buffer 20 3 720 108 
  Actual PBQ 
           (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
Stock Lyz 
0.695 
 20 2        
pH 7 
           Freezing time 
                      
  
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
0.698 mM St Lyz (uL) 
103.6   14.4                 
Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
Phosphate buffer (uL) 
508.4   85.6                 
Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
Incub Temp 
42oC                     
20 mM Q stock, [Q]f 3 mM 
108   0.0                 
Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
 
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 12 12 12 12 12 12 12 12 12 
Protein loaded (ug) 
    10 10 10 10 10 10 10 10 10 
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Table B.10: Reaction Details of LYZ (0.10 mM) with ONQ (3.0 mM) at pH 7.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0608 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, ONQ 
158.16 0.20 31.6 in 10%MeOH/buffer 20 3 720 108 
   Actual ONQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 7 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.11: Reaction Details of LYZ (0.10 mM) with PNQ (3.0 mM) at pH 7.0 
 
0612 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, pNQ 
158.16 0.20 31.6 in 10%MeOH/buffer 20 3 720 108 
   Actual pNQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 7 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 
15 
4 x 
15 
4 x 15 4 x 15 4 x 
15 
4 x 
15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.12: Reaction Details of LYZ (0.10 mM) with HNQ (3.0 mM) at pH 7.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0613 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, HNQ 
174.15 0.20 34.8 in 10%MeOH/buffer 20 3 720 108 
   Actual HNQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 7 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.13: Reaction Details of LYZ (0.10 mM) with HNQ (3.0 mM) at pH 8.0 
 
 
0613 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, HNQ 
174.15 0.20 34.8 in 10%MeOH/buffer 20 3 720 108 
   Actual HNQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 8 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.14: Reaction Details of LYZ (0.10 mM) with ONQ (3.0 mM) at pH 8.0 
 
0608 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, ONQ 
158.16 0.20 31.6 in 10%MeOH/buffer 20 3 720 108 
   Actual ONQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 8 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.15: Reaction Details of LYZ (0.10 mM) with PNQ (3.0 mM) at pH 8.0 
 
0612 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, pNQ 
158.16 0.20 31.6 in 10%MeOH/buffer 20 3 720 108 
   Actual pNQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 8 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.16: Reaction Details of LYZ (0.10 mM) with HNQ (3.0 mM) at pH 6.0 
 
 
0613 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, HNQ 
174.15 0.20 34.8 in 10%MeOH/buffer 20 3 720 108 
   Actual HNQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 6 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.17: Reaction Details of LYZ (0.10 mM) with ONQ (3.0 mM) at pH 6.0 
 
0608 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, ONQ 
158.16 0.20 31.6 in 10%MeOH/buffer 20 3 720 108 
   Actual ONQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 6 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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Table B.18: Reaction Details of LYZ (0.10 mM) with PNQ (3.0 mM) at pH 6.0 
 
0612 2017, [Q] 3 mM 
FW mmol mg solution 
 
[Q]i [Q]f Incub Vol Q vol 
   20 mM/10ml stock, pNQ 
158.16 0.20 31.6 in 10%MeOH/buffer 20 3 720 108 
   Actual pNQ 
            (uL)Final Lyz->0.1 mM  
 
mg ml 
Lyz vol 103.6 
 Stock Lyz 
0.695 
 20 2        
 pH 6 
            Freezing time 
                      
   
Total MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 0.698 mM St Lyz (uL) 
103.6   14.4                 
 Protein (ug) 
1035.9   143.9 86.3 86.3 86.3 86.3 86.3 86.3 86.3 86.3 
 Phosphate buffer (uL) 
508.4   85.6                 
 Incub Time 
    0 min 10 min 30 min 1h 2h 3h 4h 5h 24h 
 Incub Temp 
37oC                     
 20 mM Q stock, [Q]f 3 mM 
108   0.0                 
 Final Incubate Vol (uL) 
720   100                 
 Aliquot Taken (uL) X 4   
  
  60 60 60 60 60 60 60 60 
  
 
4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 4 x 15 
           
 LANE   L1 L2 L3 L4 L5 L6 L7 L8 L9 
L10 
  
  MM Ctr 24h 10 30 1h 2h 3h 4h 5h 24h 
 Loading Dye 
  0 10 10 10 10 10 10 10 10 10 
 Incub Aliquot of Total   0 
15 15 15 15 15 15 15 15 15 
Loading Vol (uL) 
  15 10 10 10 10 10 10 10 10 10 
 Protein loaded (ug) 
    9 9 9 9 9 9 9 9 9 
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